INTRODUCTION
Low-flow frequency curves, such as those presented in this report, are useful in planning the development of surface water resources. They show the magnitude and frequency of annual minimum f ow for periods of given length and can be used to estimate the amount of storage required to deliver the average flow shown by the curves.
Each curve in this report has been smoothed and adjusted to represent flow characteristics during one of four long-term periods. The curves were initially constructed to facilitate the extension of short-period records of low-flow frequency to a longer time period and have been so used in several States. They can also be used to show representative shapes that are useful in studying the statistical properties of low-flow frequency curves and in studying their relation to hydrologic parameters. This report was prepared to aid in the prosecution of these secondary objectives.
The gaging stations used in this report are distributed throughout most of the States east of the Mississippi River and south of the Great Lakes and in the States of Arkansas, Louisiana, Missouri, Oklahoma,
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CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES and Texas. Four different long-term periods were used as reference periods because of the variation in length of the streamflow records available in different parts of the area. The location of the stations and the identification of reference periods are shown in figure 1.
This report describes the method of analysis and th<>, tabular and graphical presentation of results. A brief discussion of the results is followed by the tables and graphs (figs. 2-13).
Station referred to one reference period Station referred to one or more reference period Station Primary reference
No. period 1-19 1913-57 20-24 1897-1954 25-53 1929-57 54-85 1924-55 FIGURE 1, Location of stream-gaging stations and identification of reference periods.
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METHOD OF ANALYSIS
Most of the gaging stations for which low-flow frequency curves are given in this report have records that cover the entire long-term period used as a reference period. For a few of these stations, records of periods other than the long-term reference period were used as a guide to the shape of the curves. For gaging stations Hiere the period of record does not cover the full reference period, the lowflow frequency data were extended to the full period by extrapolation from the low-flow data from nearby long-term stations.
The basic data used in the analysis are summaries of annual low flow obtained through use of an electric computer. Tl ese summaries show the lowest mean discharge each year (April to March) for selected numbers of consecutive days. Copies of the summaries for specific gaging stations can be obtained from the district office in charge of surface water investigations in the State in which the gaging station is located.
The recurrence interval used in plotting the annual low flows is computed from the formula Recurrence interval= > m in which n is the number of annual events and m is the number starting with the lowest as number 1.
Low-flow frequency curves for stations with records fcr the full length of a reference period were smoothed by comparing the observed annual minimums with those at two or more other long-teni stations used in the analysis. Each comparison was made by pitting on logarithmic paper the annual minimums arranged in order of magnitude at each of the two stations being compared and by drawing a smooth curve of relation. The relation curve was then usec1 to obtain estimates of the discharge for each order number at the station being analyzed based on the experience at the other station. Discharge estimated in this way was averaged with the observed discharge for the same order number at the station being analyzed to obtain adjusted values which were then plotted on extreme-value probability paper with a logarithmic ordinate. The results shown in this report are taken from smooth curves drawn to average these point?, By this procedure, a plotted value of an anomalously low discharge at one of the stations is raised by the experience at the other stations; at the same time this procedure tends to lower the plotted values of the lowest discharge experienced at the other stations. The relations between the low flows at pairs of gaging stations, which ar^, based on all the points in the array, are assumed to express the true difference in low-flow characteristics at the two stations so that the departures from the relations can be assumed to be due to chance.
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The extension of low-flow frequency data at stations w'th records shorter than the reference period was made by relating the annual minimum flows to the annual minimum flows at long-term stations through use of an unregressed line of relation. That is, the relation curves were drawn so as to be equally applicable regardless of which station was used as the dependent variable. This procedure serves to maintain the variability of the observed data but can result in a decrease in accuracy unless a sufficient degree of correlation between stations is present. In general, the plotting of annual mirimum discharge for concurrent years of record showed a correlation coefficient of 0.7 or greater. For a few stations where the correlation coefficient was less than 0.7, adjustment was made only to the extent that the trend of all long-term stations on all sides of the short-term station was the same.
DESCRIPTION OF TABLES AND FIGURES
The low-flow frequency curves for each station are summarized in tables and graphs. The tabular data are sufficiently detailed to permit the low-flow frequency curves to be plotted on any type of scale; the graphical data are presented only for visual comparison. The tabular data are presented in four tables starting on page 7; each table is for a different reference period. Within each table the gaging stations are arranged alphabetically, first by States and then by station name within each State. The map number identifies the location of the gaging station in figure 1 , and the station number is the number assigned to the gaging station in recent reports on "Surface Water Supply of the United States," issued annually by the U.S. Geological Survey. The numeral before the hyphen designates the number of the part in the annual series, and the letter following the numeral designates a subdivision of the part; the numerals following the hyphen are the station numbers within the part, assigned in downstream order. A complete description of the location of each gaging station together with information on the period of record and the amount of regulation can be found in one of the recent reports on surface-water supply for the indicated part.
The flow figures given in the table are mean discharge fo~ the indicated period of consecutive days of low flow. To obtain the volume of low flow in cfs-days, the figures should be multiplied by the number of days, and to obtain flow per square mile, they should be divided by the drainage area. At some stations the figures shown for 15 consecutive days of low flow are really the flow for 14 consecutive days, and at all stations, the 15-day figures can be used as the f ow for 14 consecutive days. A change in the computer program from 15 to 14 consecutive days was made after the project was started, but all results are considered to be equivalent. The change was made to obtain a more natural figure of flow at stations where the flow was affected by a weekly pattern of regulation. At such stations the average flow for 14 consecutive days is more likely to represent natural flow than is the flow for 15 days. The difference in the average flow for 14 days and that for 15 days is probably not more than a few percent at most stations.
For some gaging stations located near the boundary separating the areas of different reference periods, low-flow frequency curves were prepared for both reference periods. Only the curves for the reference period applicable to the State in which the station is located are given in this report, but footnotes to the table indicate how the curves for such stations can be made applicable to the other reference period.
The content of each of the 4 tables is as follows: For other reference periods, such as the period 1931-60 that is used as the climatological standard period by the World Meteorological Organization, the curves in this report can be adjusted to the new reference period by plotting the observed annual low flows for the new reference period on the same graphs used for the smoothed curves. The position of the adjusted curves would be based largely on the plotted points, and the shape and slope of the curves would be based largely on the smoothed curves taken from this report.
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CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES Low-flow frequency curves for all 85 gaging stations included in this report are shown in figures 2-13 at the end of this renort. The curves are identified by station number, and the map number is shown in parentheses. The lowest of the four curves shorn for each station is that for 7 consecutive days, and the other three curves are for 30, 120, and 274 consecutive days. Curves for 15, 60, and 183 consecutive days have been omitted for clarity.
The curves are plotted with an extreme-value probability scale as the abscissa and a logarithmic scale as the ordinate. The extremevalue probability scale is graduated to conform with Gumbo's theory of extreme values by use of a scale developed by Poy^ell. 1 The logarithmic scale is used because it tends to make the curves plot more nearly as straight lines than does an arithmetic scale. The lower ends of some curves were made straight lines when the basic data could be so interpreted, but for the most part no attempt was made to fit straight lines or any other predetermined type of distribution.
DISCUSSION OF RESULTS
The low-flow frequency curves for the 85 gaging statiors range in shape from the closely spaced mildly sloping curves of station 49 to the widely spaced steep curves of station 47. (See fig. 7 .) Most of the curves tend to be concave upward, but some are concave downward; very few plot as straight lines on the type of graph paper used. There is no obvious relation between spacing and slope; some of the widely spaced curves are concave upward, and some ar<? concave downward. The variation in shape of these curves indicates the difficulty of finding a type of statistical distribution that would fit the data for all lengths of periods at every station.
The differences and similarities in the low-flow frequency curves for the 85 gaging stations presented in this report raise son:e interesting questions. To what extent, for example, does the slope of the curves depend on the rate of base-flow recession and to what extent on the frequency distribution of the length of dry pericrls. Also, to what extent does the spacing between curves depend on the two factors just mentioned and to what extent on how greatly the runoff of a drainage basin is affected by rainfall that occurs during periods of low flow. These questions would probably be studied in any investigation of the effect of hydrologic environment on low flows.
Although low flow for short periods is largely ground-water effluent, the flow for longer periods such as 60 and 120 days generally contains some contribution from rainfall during those periods. This con-G7 tribution may vary from basin to basin not so much from differences in amount of rainfall as from differences in amount of infiltration.
It is not the intent of this report to discuss reasons for the variation in shape, slope, and spacing of low-flow frequency curves from station to station or to fit curves to a statistical distribution. The curves should serve, however, as a convenient starting point for such studies because they consolidate data from many stations located over a wide area.
A further use of the low-flow frequency curves presented in this report is in the computation of the amount of storage required to provide the average flow shown by the curves. The amount of storage required can be computed by drawing a mass curve for the discharges taken from the low-flow frequency curves for a given recurrence interval.2 The amount of storage thus computed makes no allowance for seepage and evaporation losses, both of which serve to increase the amount of storage required or to decrease the allowable draft. In addition, the method has a small bias that requires that the computed amount of storage be increased by about 10 percent. Arkansas, Florida, Georgia,, Louisiana, Mississippi, Oklahoma, South Carolina, and Texas, 1929- See footnote at end of table. Arkansas, Florida, Georgia., Louisiana, Mississippi, Oklahoma, South Carolina, and Texas, 1929- 
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